Recently, autophagy has been indicated to play an essential role in various biological events, such as the response of cervical cancer cells to chemotherapy. However, the exact signalling mechanism that regulates autophagy during chemotherapy remains unclear. In the present study, we investigated the regulation by cisplatin on protein kinase C β (PKC β), on B-cell lymphoma 2 (Bcl-2) and on apoptosis in cervical cancer Hela cells. And then we examined the regulation by cisplatin on autophagy and the role of autophagy on the chemotherapy in Hela cells. In addition, the regulation of the PKC β on the autophagy was also investigated. Our results indicated that cisplatin promoted PKC β in Hela cells. The PKC β inhibitor reduced the cisplatin-induced apoptosis, whereas increased the cisplatin-induced autophagy in Hela cells. On the other side, the PKC β overexpression aggravated the cisplatin-induced apoptosis, whereas down-regulated the cisplatin-induced autophagy. Taken together, our study firstly recognized the involvement of PKC β in the cytotoxicity of cisplatin via inhibiting autophagy in cervical cancer cells. We propose that PKC β would sensitize cervical cancer cells to chemotherapy via reducing the chemotherapy induced autophagy in cancer cells.
Introduction
Cisplatin is an effective chemotherapeutic agent that is widely applied in treating solid tumours such as bladder, head and neck, lung, ovarian and testicular cancers [1] . Besides its side effects, acquired resistance to the cisplatin of tumour emerges during the course of treatment limits its application [2] [3] [4] , however, cisplatin combination chemotherapy is still the basis of chemotherapy against many cancers. To our knowledge, the proposed mechanisms of chemotherapy resistance include changes in cellular uptake and release of agent, improved biotransformation, antiapoptotic mechanisms and autophagy [5] [6] [7] [8] .
Autophagy is a type of non-apoptotic cell death that degrades unnecessary or dysfunctional cellular components through the actions of lysosomes, and is essential for survival when cells faced a harsh environment such as radiation and chemotherapy [9] . During the autophagy, targeted cytoplasmic constituents are packed into a double-membraned vesicle (autophagosome), which is fused with lysosomes to generate autolysosomes and is degraded consequently [10] . It was found that chemotherapy activates autophagy in tumour cells, which has been considered to enhance cancer cell death or play a role in chemotherapy resistance [11, 12] .
The protein kinase C (PKC) family consists of at least 12 kinases with distinct roles in cell proliferation, differentiation and apoptosis [13] . PCK family plays a key role in tumour promotion and progression and it is an ideal target for cancer therapy [14] .PCK β activation blocks insulin-induced endothelial nitric oxide synthase (eNOS) stimulation, whereas inhibition of PKC β restores vascular function in animal models [15] . In addition, the improved PKC β activity has also been found implicating in activating endothelial cell inflammatory [16] .
Cisplatin activates several signal transduction pathways mediated by ROS, DNA damage, p53, TNFα and MAPKs [17] , yet the specific pathways involved in autophagy relating to cisplatin are unknown, the relationship between autophagy and apoptosis in cancer cells are still unclear and the signalling mechanism that regulates autophagy during chemotherapy is to be explored. In this research, we investigated the regulation by cisplatin on PKC β, on B-cell lymphoma 2 (Bcl-2) and on apoptosis in cervical cancer Hela cells, examined the regulation by cisplatin on autophagy and the role of autophagy on the chemotherapy and investigated the regulation of the PKC β on the autophagy.
Materials and methods

Cell culture
The cervical cancer Hela cell was purchased from ATCC. All cell lines were cultured in Dulbecco's modified Eagle's medium (DMEM) containing 10% FBS (Gibco, U.S.A.) in the humidified air with 5% CO 2 at 37
• C. Cisplatin was purchased from Sigma-Aldrich (St. Louis, U.S.A.) and was dissolved in DMEM with a storage concentration of 1 mM. Enzastaurin (Sigma-Aldrich, U.S.A.) was utilized to inhibit PKC β. Rapamycin (Rapa) (Thermo Fisher Scientific, U.S.A.) and 3-Methyladenine (3-MA) (Sigma-Aldrich, U.S.A.) were utilized as positive and negative autophagy activators respectively. To overexpress PCK β, the PCK β-pcDNA3.1(+) (Sino Biological, Beijing, China) was transfected with Lipofectamine 2000 (Invitrogen, Carlsbad, CA, U.S.A.) into Hela cells.
Assessment of cellular viability using MTT assay
Hela cells (2 × 10
3 ) in the log-growth phase were seeded in a 96-well plate. After overnight growth, the cells were treated with different doses of cisplatin/enzastaurin/PKC β. MTT (20 μl) in the final concentration of 5 mg/ml was added and the cells were incubated for 4 h at 37
• C. After the supernatant was carefully removed, 200 μl of DMSO was added into each well and mixed. The plate was put into a 37
• C incubator to dissolve air bubbles and OD 570 value of each well was measured at 570 nm wavelength using a microplate reader (Thermo Scientific, U.S.A.). The results were expressed as (A 570 of control wells -A 570 of treated wells)/(A 570 of control wells -A 570 of blank wells) × 100%.
Western blot analysis
Treated cells were lysed with lysis buffer (Invitrogen, U.S.A.) on ice for 20 min. The cell lysates were centrifugated at 13000 × g at 4
• C for 30min, the supernatant was collected as the total cellular protein extract. Protein concentration was determined using the BCA Protein Assay Kit (Kangwei Shiji Company, Beijing). Samples of total cellular protein were loaded on to 10% SDS/PAGE. The separated proteins were electrophoretically transferred to PVDF membranes (Bio-Rad, U.S.A.). The membrane was blocked overnight in blocking buffer containing PBS-T and 5% non-fatty milk. Then the membrane was incubated with primary antibody against different antigens for 1 h separately and was washed with PBST for four times subsequently. Following incubating with the secondary HRP-conjugated antibody for 1 h, the PVDF membrane was washed for four times and was treated with ECL reagent and exposed to X-ray film. Each band was quantified using Image software. The protein level of each molecule was calculated according to its band intensity to glyceraldehyde-3-phosphate dehydrogenase (GAPDH) band intensity and was averaged for three independent experiments.
Apoptosis assay
Cells apoptotic percentage was performed by AnnexinV-FITC Apoptosis Detection Kit (Merk Company, U.S.A.). Briefly, the treated cells were centrifugated at 1000 × g for 5 min and washed twice with PBS, then the cells were suspended in the 400 μl 1× binding buffer at a concentration of 1 × 10 5 cells/ml, then 5 μl of Annexin V-FITC and propidium iodide was added in turn and mixed, the treated cells were placed in the dark at RT for 5-15 min to perform flow cytometry analysis.
Detection of autophagic punctas by fluorescence microscopy
Detection of autophagic punctas was performed as previously described [18] . Briefly, treated Hela cells were seeded on sterile coverslips and incubated under the conditions mentioned above. The growth medium was removed and cells were washed with cold PBS for two times when the cells' confluence reached 80%. Then, fresh growth medium was supplemented subsequently and cells were incubated for an additional 12 h. Detection of GFP-LC3 was performed using FlowCellect TM GFP-LC3 Reporter Autophagy Assay kit (Millipore, U.S.A.). Briefly, 10 μl autophagy reagent A was added and cells were incubated in a humidified incubator at 37
• C with 5% CO 2 for 2 h. Post the removal of medium, cells were washed with 5 ml 1× HBSS, were added with 100 ml 1× autophagy reagent B, and then were cultured with cells for 5 min, followed by washing with assay buffer for the autophagy reagent removal. Last, the
Statistical analysis
Data are depicted as the mean + − S.D. For a comparison between the two groups, Student's t test was used. For multiple comparisons among three or more groups, one-way ANOVA was used. P<0.05 was considered as a statistically significant difference.
Results
Cisplatin activates PKC β and down-regulates Bcl-2
To discover the effect of cisplatin on PKC β and apoptosis related molecule: Bcl-2, Hela cells at 85% confluence were treated by 0, 10, 20 or 50 μM cisplatin, and 0 or 1 μM enzastaurin for 24 h. Then the expressions of PKC β, Bcl-2, p-PKC β, and internal control GAPDH in transfected cells were determined with WB. As shown in Figure 1A , single cisplatin treatment improved the p-PKC β level ( Figure 1B ) and decreased the Bcl-2 expression ( Figure 1C) . After quantifying the amount of each band, we calculated the ratio of p-PKC β/PKC β and Bcl-2/GAPDH respectively. We found that 10 μM, cisplatin treatment up-regulated the ratio of p-PKC β/ PKC β by two times, five times and four times with statistical differences (P<0.05, P<0.01 or P<0.001). With respect to the Bcl-2/GAPDH, treatment with 20 μM, 50 μM cisplatin down-regulated the index by 1.8-fold and 1.5-fold individually, accompanied with statistical differences (P<0.01 respectively). It seems that 20 μM cisplatin-treated group presented the peak ratio of p-PKC β/PKC β and the minimum Bcl-2/GAPGH value.
Subsequently, we tested the expressions of p-PKC β, PKC β and Bcl-2 at the different dose of enzastaurin and cisplatin. After WB analysis of each protein with the internal control GAPDH ( Figure 1D ), we found that single treatment of 20 μM of cisplatin induced the lowest Bcl-2 level and the highest p-PKC β level in treated Hela cells. The p-PKC β/PKC β value was not down-regulated by 1 μM enzastaurin treatment ( Figure 1E ). The ratio of p-PKC β/PKC β treated by 20 μM of cisplatin presented the top level among several groups with statistical differences (P<0.001, Figure 1E ). As to the value of Bcl-2/GAPDH, 20 μM of cisplatin treatment decreased it by 50%, as was inhibited by 1 μM enzastaurin, with statistical differences (P<0.05, Figure 1F) . The results also showed that 1 μM enzastaurin treatment had no effect on p-PKC β/ PKC β and Bcl-2/GAPDH levels.
PKC β inhibitor down-regulates the cisplatin-induced apoptosis in treated Hela cells
To investigate the effect of PKC β inhibitor on the cisplatin-induced autophagy in cervical cancer cells, Hela cells were treated with 0 or 50 μM cisplatin in combination with 0, 1 or 3 μM enzastaurin for 24 h, then the apoptosis of Hela cells were assayed by flow cytometry with Annexin V-FITC Apoptosis Detection Kit. As indicated in Figure 2A ,B, over 35% of cells treated by 50 μM cisplatin were induced with apoptosis. In comparison with cisplatin treatment alone, only 22% of cells were induced apoptosis with a statistical difference (P<0.01), which were treated by 50 μM cisplatin plus 1 μM enzastaurin. An enzastaurin dose-dependent decrease was observed. Treatment of 50 μM cisplatin plus 3 μM Enzastaurin presented <15% apoptotic rate, which displayed a statistical difference (P<0.05) when compared with the group treated by 50 μM cisplatin plus 1 μM enzastaurin.
We detected the expressions of apoptosis related molecules including caspase 3 (pro and cleaved) and caspase 9 from these groups ( Figure 2C ), GAPDH was set as the internal control. After quantifying the protein amount of each band, we found that enzastaurin treatment alone caused the highest ratio of caspase 9/GAPDH, while treatment of 50 μM cisplatin plus 3 μM enzastaurin display the lowest value of caspase 9/GAPDH among the treated groups with statistical differences ( Figure 2D ). As to the caspase3, cells treated with 50 μM cisplatin plus 3 μM enzastaurin show the lowest level of cleaved caspase3/pro-caspase3 among groups with statistical differences (Figure 2D ), indicating that this dosage of enzastaurin could efficiently inhibit the cisplatin-induced apoptosis.
PKC β inhibitor enhances the cisplatin-induced autophagy in Hela cells
To discuss the function of PKC β inhibitor on the cisplatin-induced autophagy in cervical cancer Hela cells. Hela cells were transfected with EGFP-LC3 II reporter plasmid for 6 h and were treated with 0 or 20 μM cisplatin and with 0, 1 or 3 μM enzastaurin for 24 h, then were observed under fluorescence microscopy. As displayed in Figure 3A , obviously, the transfected cells treated by 200 μM cisplatin combined with 3 μM enzastaurin presented the highest number of puncta in one cell. The group cells thet were treated by 20 μM cisplatin plus 3 μM enzastaurin presented an average of 125 punctas per cell, which was the highest among groups (P <0.05, P<0.01 or P<0.0001, Figure 3B ), an enzastaurin dose-dependent increase in autophagic puncta was observed as well.
We detected the expressions of LC3-I, LC3-II and Atg5 in the treated cells ( Figure 3C ) in the next step. With respect to the LC3-II/LC3-I, an enzastaurin-dependent increase was found among groups, which was approximately three when receiving 20 μM cisplatin plus 3 μM enzastaurin, cisplatin treatment alone only has a ratio of 0.5 and cells treated by 20 μM cisplatin plus 1 μM enzastaurin presented an average value of 1.5 (P<0.05, P<0.01, P<0.001 or P<0.0001, Figure 3D ). The same trend was also observed in the Atg5/GAPDH, group dealt with 20 μM cisplatin plus 3 μM enzastaurin presented the highest value in the different groups ( Figure 3D ). All of the results indicated that PKC β inhibitor enhances the cisplatin-induced autophagy in cervical cancer Hela cells.
Figure 2. PKC β inhibitor down-regulates the cisplatin-induced apoptosis in Hela cells
Hela cells were treated with 0 or 50 μM cisplatin, with 0, 1 or 3 μM PKC β inhibitor, enzastaurin for 24 h, then the apoptosis of Hela cells were assayed by flow cytometry with Annexin V-FITC Apoptosis Detection Kit (A) and was presented as a percentage of apoptotic cells to total cells (B), the apoptosis-related markers were examined by Western blotting method (C) and were presented as a relative levels to GAPDH (D). Experiments were performed independently in triplicate; *P<0.05, **P<0.01 or ***P<0.001.
Autophagy down-regulated the sensitivity of Hela cell to cisplatin
To evaluate the effect of autopagy on the Hela cell sensitivity to cisplatin, Hela cells were treated with 100 ng/ml Rapa or with 10 μM 3-MA and then with 20 or 50 μM cisplatin for 24 h, then autophagy puntics per cell were calculated. As shown in Figure 4A , statistical differences were found among the treated groups, whether with 20 μM cisplatin or with 50 μM cisplatin. In detail, Rapa (100 ng/ml) increased the autophagy punctas per cell by two-fold and 1.5-fold separately, when with 20 μM cisplatin or 50 μM cisplatin (P<0.05 or P<0.01).
We also measured the expressions of LC3-I, LC3-II and Atg5 using Western blotting ( Figure 4B) , we found cells treated by 100 ng/ml Rapa also presented the highest ratios of LC3-II/LC3-I, both at 20 μM cisplatin and 50 μM cisplatin. In detail, at the 20 μM cisplatin, Rapa treatment improved the average LC3-II/LC3-I value from 0.5 to 1.25 (P <0.01, Figure 4C ) compared with the DMSO group and 3-MA treatment decreased the LC3-II/LC3-I ratio by 33% in comparison with the DMSO group (P <0.05, Figure 4C) . As for the 20 μM cisplatin treatment, similar results were observed, Rapa efficiently up-regulated the LC3-II/LC3-I ratio and 3-MA down-regulated this parameter with statistical differences.
With respect to the Atg5/GAPDH and relative cellular viability, analogical results were acquired. Rapa improved these two parameters compared with the DMSO control, while 3-MA decreased them in contrast with DMSO group, both at 20 μM cisplatin or 50 μM cisplatin dosages, with statistical differences (P<0.05 or P<0.01, Figure 4D and Figure 4E ). At last, we checked the apoptotic rate of different group, it was found that Rapa reduced the apoptotic rates by 32% (20 μM cisplatin, P<0.05) and 38% (50 μM cisplatin, P<0.01) respectively. In contrast, apoptotic rates were improved by 40% (P<0.05) and 20% (P<0.05) at 20 μM cisplatin and 50 μM cisplatin, when compared with the DMSO control, separately ( Figure 4F ). 
Overexpression of PKC β down-regulates the cisplatin-induced autophagy in Hela cells
To test whether the overexpression of PKC β would have an effect on the cisplatin-induced autophagy in Hela cells. Hela cells were transfected with PKC β-pcDNA3.1(+) or CAT-pcDNA3.1(+) plasmid for 6 h and then were treated with 0 or 20 μM cisplatin for 24 h. Then Western blotting assay for PKC β, p-PKC β and the internal control GAPGH was performed ( Figure 5A) . After quantifying the protein amount of each band, PKC β-pcDNA3.1(+) transfection indeed improve the PKC β expression (P<0.001) , even under the 20 μM cisplatin pressure( Figure 5B) . Regarding the p-PKC β, PKC β-pcDNA3.1(+) transfection alone did not increase the level of p-PKC β/GAPDH (P>0.05), while up-regulated the p-PKC β/GAPDH level by nearly two times (P<0.001) when treated by 20 μM cisplatin ( Figure 5C ) .
In the next step, we checked the cellular viability of each group, no statistical difference was observed between the PKC β-pcDNA3.1(+) transfected group alone and the CAT-pcDNA3.1(+) tranfected group alone, while cisplatin plus PKC β-pcDNA3.1(+) down-regulated the cellular viability by 33% in comparison with the group treated by cisplatin plus CAT-pcDNA3.1(+) (P <0.05, Figure 5D ). In contrast, as indicated in Figure 5E , the apoptotic rate of the group treated by cisplatin combined with PKC β-pcDNA3.1(+) was improved by 40% compared with that of the cisplatin plus CAT-pcDNA3.1(+) treated group (P<0.05). 
Overexpression of PKC β reduces the cisplatin-induced autophagy in Hela cells
To explore whether overexpression of PKC β has an effect on the cisplatin-induced autophagy. Hela cells were treated with 20 μM cisplatin or 100 ng/ml Rapa for 24 h, with or without PKC β overexpression, then the autophgy level was assayed in each group of cells. As shown in Figure 6A , cells treated by cisplatin plus PKC β-pcDNA3.1(+) presented average 30 autophagic punctas per cell, which is lower than those treated by cisplatin plusCAT-pcDNA3.1(+), which had average 50 autophagic punctas per cell (P<0.05). We determined the expressions of LC3-I, LC3-II and Atg5 ( Figure 6B ) as well, GAPDH served as control. As indicated in Figure 6C , in the Rapa treated group, no difference was observed regarding the value of LSC3-II/LSC3-I between PKC β-pcDNA3.1(+) group and CAT-pcDNA3.1(+) group. Under the cisplatin treatment, the ratio of LCS-II/LSC3-I was down-regulated by 60% in PKC β-pcDNA3.1(+) group when compared with CAT-pcDNA3.1(+) group with a statistical difference (P<0.01). Similar results were also found in the parameter of Atg5/GAPDH ( Figure 6C) , no difference was observed between the group of Rapa plus PKC-β-pcDNA3.1(+)and the group of Rapa plus CAT-pcDNA3.1(+), and Atg5/GAPDH was greatly decreased in cisplatin combined with PKC β-pcDNA3.1(+) compared with that of cisplatin synergized with CAT-pcDNA3.1(+) (P<0.01, Figure 6D ).
Discussions
In the present study, we found that cisplatin promoted PKC β expression in Hela cells. Treatment of PKC β inhibitor reduced the cisplatin-induced apoptosis, whereas improved the cisplatin-induced autophagy. On the other hand, the PKC β overexpression aggravated the cisplatin-induced apoptosis, whereas down-regulated the cisplatin-induced autophagy. The exact role of autophagy in the process of tumour generation and progression is controversial either by promoting tumour cell survival or by inducing cell death [19, 20] . 3-MA is a specific inhibitor of autophagy, it inhibits autophagy through inhibiting class-III PI3K in mammalian cells [21] [22] [23] . Here, we revealed the autophagy inhibitor 3-MA could improve the cells' sensitivity to cisplatin ( Figure 4E,F) , while autophagy activator Rapa improved the sensitivity to cisplatin. We also found Rapa treatment decreased the apoptotic rate of cisplatin-treated cells, indicating that cisplatin inhibits the tumour cells by inducing apoptosis. It is supposed that autophagy inhibitors might sensitize tumour cells to cisplatin by improving the apoptotic rate induced by cisplatin or by changing the autophagic status to the apoptotic process.
Enzastaurin specifically disrupts the intrinsic phosphotransferase activity of PKC β at low concentrations, yet it inhibits other PKC isozymes at higher concentrations [21] [22] [23] . PKC β activates the MAPK and ERK cascade, affecting endothelial proliferation subsequently [24, 25] . Experiments on ovarian cell line indicated that enzastaurin is effective in suppressing taxane-resistant but not cisplatin-resistant ovarian tumours [26] . Enzastaurin induces apoptosis and suppresses proliferation in a range of cultured tumour cell lines through the PI3K-Akt pathway [27] . In the present study, we found that enzastaurin treatment presented a dose-dependent suppression of the apoptotic rate of cisplatin-treated cells. Above all, we also found that enzastaurin improved the autophagic puncta per cell in the cisplatin-treated cells with a dose-dependent increase. Key molecules Atg5 and LC3-II were also improved. These results indicate that enzastaurin efficiently induces the autophagy in treated cells and this should be noted in the clinical therapy.
Autophagy not only represents a survival mechanism to anticancer drugs but also can potentially lead to tumour cell death, which is also called type II programmed cell death (PCD) when autophagy exceeds a certain threshold [28, 29] . It has been reported that Rapa exerts antitumour effect on malignant glioma cells by inducing autophagy, with a mechanism through inhibiting mTOR-signalling pathways [30, 31] . Our data suggest that the PKC β inhibitor reduced the cisplatin-induced apoptosis, whereas increased the cisplatin-induced autophagy in Hela cells. In contrast, the PKC β overexpression aggravated the cisplatin-induced apoptosis, but down-regulated the cisplatin-induced autophagy. From these results, we can conclude that PKC β is ideal to sensitize cervical cancer cells to chemotherapy via reducing the chemotherapy-induced autophagy. Whether PKC β overexpression at a higher level could directly suppress Hela cells proliferation by inducing autophagy is to be explored.
In conclusion, our study firstly explored the involvement of PKC β in the cytotoxicity of cisplatin via inhibiting autophagy in cervical cancer cells. We propose that PKC β would sensitize cervical cancer cells to chemotherapy via decreasing the chemotherapy-induced autophagy in cancer cells. It will be a promising candidate for developing novel cisplatin-based chemotherapy against different kinds of tumours.
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